Background: Sarcomas represent a heterogeneous group of tumors. Accurate determination of histological diagnosis and prognostic factors is critical for the delineation of treatment strategies. The contribution of second opinion (SO) to improve diagnostic accuracy has been suggested for sarcoma but has never been established in population-based studies.
introduction
Sarcomas are malignant tumors developing in soft tissue, bone, skin or internal organs. The large majority of soft tissue tumors are benign and 100 times more common than malignant lesions [1, 2] . The 2002 World Health Organisation (WHO) classification has identified >50 histological subtypes of soft tissue sarcoma (STS), all of them being rare tumors [3] . Accurate diagnosis is therefore difficult for nonspecialized pathologists and, together with the rarity of the disease, this results in inappropriate medical management in >70% of the patients [4] [5] [6] . Careful pretreatment evaluation is therefore essential for accurate diagnosis and appropriate treatment decision making [7, 8] .
Discrepancies between pathologists have been reported frequently [9] [10] [11] [12] . Although immunohistochemistry, FISH and molecular biology are important tools for diagnosis, these techniques are not routinely available in all laboratories and their use requires pathologists with expertise in molecular biology.
Second opinion (SO) in diagnostic pathology has recently received considerable attention as a result of efforts to enhance institutional performance and reduce medical errors [13] . However, the mechanisms by which SO is obtained greatly influence the results [14] . SOs given by another institution or a specialty panel at the time of patient referral produce highly discordant results compared with analysis of cases referred to experts for review [15] . In the case of expert review, discrepancies are not viewed as 'misdiagnosis' but as an acknowledged need for assistance. In a previous analysis conducted in a French region, we showed that only 54% of included patients had full concordance between primary diagnosis and SO [16] . In view of these results, we decided to extend this population-based study for one more year and to two additional European regions. The aim of the present work was therefore to evaluate the benefit of SO by regional/national experts for all sarcoma cases diagnosed in Aquitaine (A) and Rhone-Alpes (RA) in France and Veneto (V) in Italy.
methods
Central review was done within each of the three regions by regional/ national experts. In some rare cases, the experts wished the diagnosis to be either reviewed by another expert or discussed at panel meetings (FSG-GETO; CONTICANET) and a final consensus was reached after this third level of review. Before proceeding with the workshop review, all the pathologists from the three regions involved in this 'central review' attended training sessions in order to homogenize the review process.
description of the regions
A is a western French region of ∼3.1 million inhabitants and 5 'departments' (i.e. the administrative and geographical unit in France), with 9 public health structures (2 university hospitals, 1 comprehensive cancer center, 6 general hospitals) including 37 pathologists. There are also 55 pathologists employed in 19 private centers. RA is the second largest region in France, with ∼6.1 million inhabitants and 8 'departments'. It has 15 public health structures (3 university hospitals, 1 comprehensive cancer center, 11 general hospitals) with 59 pathologists and 28 private structures with 80 pathologists.
V is the eighth largest region in Italy and the fifth region in terms of population, with ∼4.9 million inhabitants. There are 56 public health structures (2 university hospitals, 1 cancer center, 53 general hospitals) with 25 pathologists and 10 private structures with no pathologist.
study design
All pathologists working in these regions agreed to cooperate in this scientific study. All suspected cases of sarcoma (soft tissue and visceral tissue sarcomas diagnosed during the different study periods) were collected [2, 17, 18] and reviewed by regional and national sarcoma experts (members of the group of pathologists of the GSF-GETO for France and pathologists for V).
For each patient, a copy of the original histology report and histopathological specimens (hematoxylin eosin saffron-stained sections and paraffin-embedded tissue) representative of the tumor sample were provided. For all included patients, immunohistochemistry (and/or molecular biology analysis) was carried out by the referent pathologist.
The French Sarcoma Group/French Federation of Cancer Centers grading system was used in this study [19] , as now proposed in the WHO classification. Grade was rated 'not applicable' for some specific histological types (e.g. Kaposi sarcoma) or when the grade could not be determined (e.g. on biopsy specimens).
For all included cases, the pathologist investigators were systematically offered expert SO and discrepancies between readings were analyzed. Two groups of patients were distinguished. The first group (requested SO) corresponded to patients examined by a 'nonexpert' pathologist who requested a SO from experts to confirm initial diagnosis at the time when the case was declared. The second group ('systematic review' or control group) included patients whose tumor samples were analyzed by a 'nonexpert' pathologist who did not request confirmation of diagnosis by experts and whose findings were reviewed only in the context of the present project. The final results were released to the initial pathologist for all cases identified as 'requested SO' but not for those included in the systematic review group. The final results of the study ( To ensure exhaustiveness, several controls were established in each region, throughout the study, by comparing the list of registered patients with (i) the list of all sarcoma cases reviewed by the expert pathologist during the inclusion period, (ii) the list of all medical records collected by the multidisciplinary sarcoma committee and of all patients registered by the Medical Information Department of the reference center (only in RA), (iii) the list of pediatric patients with sarcoma obtained from the pediatric registry of the RA region [20] in order to confirm the number of patients aged 15-18 years and (iv) the list of all sarcomas diagnosed by initial pathologists. Then we excluded patients with exclusion criteria.
statistical analysis
Differences between the first diagnosis established by the nonexpert pathologist and the SO given by experts were evaluated and scored on a three-point scale:
• 'Zero agreement' corresponded to cases where initial diagnosis was benign and final diagnosis was sarcoma or conversely; or sarcoma versus non-mesenchymal diagnosis, i.e. carcinoma, melanoma, lymphoma or conversely; or gastrointestinal stromal cancer (GIST) versus non-GIST.
• 'Partial agreement' corresponded to cases where both pathologists diagnosed a sarcoma but with different histopathological grades or different subtypes (i.e. dedifferentiated liposarcoma versus unclassified sarcoma).
• 'Full agreement' corresponded to cases where both observers gave identical diagnoses.
In some rare cases, the expert wished that the diagnosis was reexamined by another expert or discussed at panel meetings and a final consensus was reached.
From 2007 to 2009, several meetings were organized between the different experts to specify the methodology for confirming review results and, according to the definition, to homogeneously classify the reviews.
All sarcoma cases diagnosed by pathologists of the three regions were reported, and data were statistically analyzed to quantify inter-observer differences and determine their nature. To evaluate patient characteristics and diagnostic concordance, categorical data were analyzed using Pearson 
characteristics of selected patients and tumors
Of 2016 patients initially screened by pathology laboratories, 209 (10%) were excluded, either because they corresponded to a local or metastatic relapse (n = 11, 5%) or because the patient did not live in the regions under study (n = 90, 43%) or had not been diagnosed during the periods of inclusion (n = 108, 52%). Among the 1807 selected patients, 202 (11%) were further excluded because initial diagnosis had been established in the reference center by one of the experts. Of the 1605 remaining patients, 139 (8%) were excluded because there was no or not enough tumor tissue available for a second histological analysis and 3 were excluded (1%) because the initial histological report was not available. Finally, 1463 (73%) patients were eligible for analysis. The first diagnosis of sarcoma was carried out in private practice for 675 (47%) patients and in public laboratories for 758 (53%) patients. In V, all first diagnoses were carried out in public structures, compared with 25% in Rhone-Alpes and 43% in A (P < 0.001).
characteristics of included patients and tumors
Patients' characteristics are reported in Table 1 . Median age was 62 years (range, 15-96): 64 years (range, 15-96) for males and 63 years (range, 16-96) for females. Interestingly, while the incidence rate was similar between the three analyzed regions (previously reported in [18] ), the characteristics of the included cases were statistically different between the three regions concerning site, histology, histological grade and type of tumor.
concordance analysis
Concordance analysis was carried out on 290 (20%) sarcoma biopsy specimens (micro biopsy or open biopsy) and 1167 (80%) surgical samples. Data were missing for six patients (0.5%). Concordance data regarding grade, type of tumor sample (biopsy versus surgery) and type of laboratory ( private versus public) are given in Table 2 . Concordance analysis showed 121 cases with zero agreement (8%), 518 with partial agreement (35%) and 824 with full agreement (56%). The ratio of total concordance was higher in grade I than in grade II-III tumors (P = 0.001) and for tumors where a SO was not requested (P < 0.001); it also varied with the type of laboratory ( public versus private), the site of sarcoma (visceral versus STS) and by region (V versus the other two regions) (P = 0.001). Interestingly, no significant differences were reported according to the type of tumor sample ( Table 2) .
Causes of nonconcordance are presented in (supplemental Table S1 , available at Annals of Oncology online) and concern most frequently the diagnosis of benign tumors or sarcomas which happened to be carcinomas or melanomas at SO. Partial discordance between initial diagnosis and review was essentially related to grade and histological subtype. Sixty (50%) histological diagnoses were modified from malignant to benign or conversely (more specifically in V), 49 (40%) from sarcoma to other histological type (carcinoma) or conversely (more specifically in RA) and 12 (10%) from STS to GIST or conversely (more specifically in A) (supplemental Table S2 , available at Annals of Oncology online).
The most frequent discrepancy was related to the grade of the tumor: (i) no grading by the diagnostic pathologist (n = 479) while the expert attributed grade 1-3 (n = 235, 57%); (ii) grading error, with grade 1 attributed by the diagnostic pathologist (n = 207) versus grade 2-3 by the expert (n = 39, 19%). Other (n = 241, 73%) discrepancies were related to grade (I versus II, II versus III) and histological subtype. The major cause of discrepancy was actually the lack of grading by the first pathologist (n = 235, 57%).
The second most frequent discrepancy was related to the histological type (supplemental Table S1 , available at Annals of Oncology online). There was no correlation between concordance and type of tumor sample or tumor site.
requested SO group versus systematic review group
Patient characteristics in the two groups are compared in Table 3 . The patients for whom initial diagnosis had been made from biopsy specimens were most frequently not proposed for a SO. Likewise, female patients, visceral tumors, abdominal, unknown or high-grade tumors, GIST and Kaposi were statistically less proposed for a SO.
In fact, initial pathologists asked for a second expert opinion principally for difficult diagnoses or cases requiring molecular analysis (well-differentiated liposarcoma, GIST, primitive neuroectodermal tumor (PNET), synovialosarcoma; n = 245). The region, the type of tumor, as well as tumor site and grade also influenced the decision of the first pathologist to request a SO.
concordance results in the two groups of patients
Concordance results shown in Table 3 demonstrate that total discordance was significantly lower in cases where the primary pathologist asked for a SO as compared with cases where expert SO was not requested spontaneously (13% versus 6%; P < 0.001). Full concordance was obtained in 40% (n = 230) versus 66% (n = 594) of cases in each group, respectively.
discussion
The primary purpose of this study was to discuss the importance of highly specialized skills in pathology to ensure correct diagnosis of sarcoma. Concordance between first assessment and second expert opinion as well as the various clinical/pathological-associated factors have been analyzed. The recent progress achieved in the understanding of sarcoma (especially after the introduction of the 2002 WHO histological classification) has emphasized the need for specialized expertise for the diagnosis and management of these rare but really aggressive tumors.
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SOs have been suggested to increase the chances of establishing a correct histological diagnosis [21] , but the magnitude of the improvement had not been tested in large region-based cohorts. While an accurate diagnosis is essential to ensure appropriate management of patients with sarcoma, in particular with new targeted therapies, nonconcordance was reported in 44% of the cases included in our comprehensive 2-year cohort of sarcoma patients.
This study confirms that centralized pathological review improves the quality of diagnosis which, because sarcoma is a (12) 91 (14) 38 (9) The 'other' category included sarcoma subtypes with <5 patients and tumors initially described as sarcomas and reclassified by the experts as carcinomas, sarcomatoid carcinomas or benign tumors. Missing data n = 6. GIST, gastrointestinal stromal cancer; MPNST, malignant peripheral nerve sheath tumour; PNET, primitive neuroectodermal tumor.
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rare and heterogeneous tumor, is very difficult to establish. Nearly 42% of first diagnoses were declared inaccurate by the panel of experts conducting the centralized pathological review. However, <10% of initial diagnoses were considered major misdiagnoses with direct impact on patient care. The most frequent discrepancies identified were related to tumor grade and histological type. Exact determination of the tumor type and grade is crucial for making individual treatment decisions and subsequently improving patient outcome [21, 22] . In fact, determining the grade of the tumor may be important to decide between adjuvant chemotherapy or not, neoadjuvant chemotherapy or not or radiotherapy or not. Although the clinical practice recommendations published in France have confirmed that the tumor grade must be included in the histological report generated at the time of diagnosis [19] , this information is frequently not provided; it was missing in 34% of the cases (n = 477) in the present study, as also reported in other studies [23] . Other studies have demonstrated that the reproducibility of grade is very difficult to achieve [21, 24] . On the other hand, when nonexpert pathologists participating in the study did provide the grade of a tumor, their evaluation was generally correct. Pathologists may sometimes simply lack experience and would benefit from training sessions organized in the framework of continuous medical education [25] . The central question that arises is whether all sarcoma cases should be reviewed in a specialized center. Importantly, all pathologists evaluating sarcoma patients should be able to use immunohistochemistry for confirmation of diagnosis. For certain histological types (translocation sarcomas, GIST, dermatofibrosarcoma protuberans), molecular biology can also contribute to the establishment and/or the confirmation of diagnosis [26] [27] [28] .
In the literature, the proportion of diagnostic errors in patients with soft tissue sarcoma ranges between 25% and 40% [7, 12, [29] [30] [31] . Surprisingly, since the first published reports on SO for sarcoma tumors in 1980 and despite the introduction of new tools (immunohistochemistry, molecular biology etc.) and the development of educational workshops, the percentage of concordance has remained remarkably unchanged [16] . The present study, conducted over a 2-year accrual period in three different regions, describes for the first time a lower level of discordance than previously reported in the literature. Also, the difference between initial diagnosis and SO was statistically lower from 1 year to the next, possibly due to the increasing experience of initial pathologists with time.
Another concern is the proportion of nonconcordance which is similar in the two French regions whereas it is lower in Italy. A possible explanation could be that, over the past 20 years, almost all the general pathologists of V have been trained at the same specialty school (Padova), a school of pathology with particular expertise in soft tissue tumors.
Methodological biases cannot be excluded for this study. For instance, indicating 'suspicion of sarcoma' as an inclusion criteria may have led to underestimating the proportion of true sarcomas misdiagnosed as carcinomas or melanomas before SO. The organization of diagnosis at the regional level may also have induced a recruitment bias and prevented exhaustive inclusion (especially in V). Some cases (rare type of sarcoma, intermediate or high histological grade, PNET) were more frequently referred for a SO by the first pathologist. On the other hand, diagnoses of Kaposi were systematically fully concordant and could thus be considered not candidates for a systematic review. Using such methods could possibly yield, in a near future, results similar to those reported for non-Hodgkin's lymphomas where the majority of B-cell non-Hodgkin's lymphoma diagnosed in the community have remained unchanged after SO review by an expert hematopathologist [32] .
Taken together, results of this population-based study show that SO enables to improve the accuracy of diagnosis in sarcomas. Given the therapeutic implications of a misdiagnosis, in particular for benign lesions, carcinomas or sarcomas requiring chemotherapy at an early phase, it is logical to propose SO as a standard management procedure for connective tissue tumors. This is currently implemented within the RREPPS research program in France (rreppps.org), which collects all sarcomas cases for centralized review. For some histological types the pronostic value is higher than the grade value. GIST, gastrointestinal stromal cancer; MPNST, malignant peripheral nerve sheath tumour; NOS, not otherwise specified; PNET, primitive neuroectodermal tumor; SO, second opinion. 
